Objective: This study aims to investigate whether there is any association between attention deficit hyperactivity disorder (ADHD) tendency and overweight/obesity among adolescents. Design: This study was a population-based health survey utilizing a two-stage random cluster sampling design. Subjects: Subjects were recruited from the total population of adolescents who attended high school years 1, 2 and 3 with ages ranging from 13 to 17 years. Measurements: Individual body weight and height were measured by medical professionals. Overweight and obesity were determined according to the CDC classification. ADHD tendency was assessed via a structured personal interview using a standardizsed scale. Results: In all, 1429 students were recruited with 85 (6.3%) classified overweight and 42 (3.1%) obese with a mean BMI score of 19.1 (s.e. ¼ 0.15). For ADHD tendency, the average score was 15.48 (s.e. ¼ 0.28) with a median score of 16.0. There was a significant association between ADHD tendency and obesity among these adolescent (t ¼ 2.18, P ¼ 0.040), after adjusting for the potential confounding factors. However, the association between ADHD tendency and overweight did not reach a significant level.
Introduction
Obesity has been identified as an increasing health problem among children and adolescents in most developed countries and more recently in developing countries including China. 1 It has also been found that obesity is a risk factor for many physical conditions among children and adolescents. These include cardiomyopathy, pancreatitis, orthopaedic disorders and some respiratory disorders. 2, 3 Attention Deficit Disorder, both with and without hyperactivity (ADHD), as a neuropsychiatric syndrome, has also long been identified as a childhood problem. 4 Studies conducted in the 80s and 90s have demonstrated that ADHD is a chronic condition with symptoms persisting into late adolescence and even adulthood. 5 Owing to the specific nature of the disorder, ADHD has been associated with other conditions and problems among children particularly injury. [6] [7] [8] This is based on the rationale that the behavioural manifestations of the disorder would lead to a greater involvement in dangerous activities, thus more frequent accidents and injuries are likely to occur. Among adolescents, ADHD has also been identified as one of the potential risk factors for other conditions such as antisocial behaviours and motor vehicle crash injuries. [9] [10] [11] According to the Diagnostics and Statistical Manual of Mental Disorder-IV (DSM-IV), symptoms described as diagnostic criteria for ADHD, particularly the hyperactivity/ impulsivity component of the disorder, theoretically, should have a specific bearing on the level of activities that children and adolescents with ADHD are involved in American Psychiatric Association. 12 This leads to the hypothesis that individuals who suffer from ADHD, particularly with hyperactivity, would exhibit a higher level of physical activity, and thus would have a lower chance of becoming overweight or obese. While the literature on overweight, obesity and ADHD has been growing everyday, there are little attempts to examine the association between overweight/obesity and ADHD. Only three epidemiological studies have been reported recently. [13] [14] [15] In examining adult patients who received obesity treatment, Altfas found a high prevalence of ADHD, classified according to the DSM-IV criteria, particularly among those who were extremely obese. 13 While comparing results on the obesity treatment between ADHD and non-ADHD patients, patients with ADHD scored a significantly smaller reduction in mean weight loss. 13 The study by
Holtkamp et al. 14 compared the s.d. score of the body mass index of a patient group of children diagnosed with ADHD with the age-specific values of the population in Germany. It was found that children with ADHD scored significantly higher than that of the population and a significantly higher prevalence of obese and extremely obese children were also found among patients. 14 The third study was also conducted among hospitalized children. 15 As these studies provided some indicative results on a potential relationship between obesity and ADHD, there has not been an equivalent attempt to study the phenomenon using a population-based epidemiological approach, such as a health survey, among adolescents. However, should such as study being conducted, one would encounter the methodological barrier regarding the assessment of ADHD. The exposure variable used in both studies mentioned above is the diagnosed status of ADHD which is, by definition, a clinical diagnosis and should be carried out by a trained professional with multiple information sources. 12 It would be difficult to apply the same diagnostic standard in a population health survey as in the clinical setting, due to the intrinsic limitations of the study design as well as the number of participants. Under such circumstance, a screening approach has been suggested, and a screening tool that provides indicative results of the final outcome is recommended. 16 Hence, the aim of this study is to investigate the association between overweight/obesity and ADHD tendency among adolescents utilizing a population-based epidemiological approach.
Methods
This study was a population-based health survey utilizing a two-stage random cluster sampling design. The study was conducted in Nanning city of the Guangxi Province in South Western China in March 2005. Nanning, the capital city of the Guangxi Province, is the biggest and most populated city of the Province with an estimated population of about 1.4 million in 2001. The population size for young adolescents aged between 15 and 19 years was estimated to be 199 605. This represented about 15% of the total population in the city. Institute ethics approval was granted by the Ethics Committee of the Guangxi Medical University to conduct the study.
The sample frame of the study was the total population of adolescents who attended high school years 1, 2 and 3 with ages ranging from 13 to 17 years. There were in total 85 high schools in the Nanning city with an average of 5 classes in each year and about 50 students in each class. Hence, there were more than 60 000 young adolescents in the sample frame. Students who attended special schools due to specific physical or mental disabilities were excluded from the study.
The sampling of students consisted of a two-stage process with stratification according to high school years. First, using individual schools as the primary sampling unit, a number of schools were randomly selected with a probability, which is proportional to the size of the target population in each school. Second, using the class as the secondary sampling unit, different clusters of students were randomly selected from each of the selected schools. The sample size estimation was conducted with an assumption of an odds ratio of 2.0 for the exposure group to have the outcome condition with a prevalence of about 10% as compared to the non-exposure group at a 5% significant level and 80% of study power. Further assumptions were made on the cluster samples having an intraclass correlation of 0.02 for ADHD tendency, and an average cluster size of 50 students. Hence, according to Kish, the effect of cluster sample design (deff) was calculated as deff ¼ 1 þ (intraclass correlation)*(cluster size-1) ¼ 1.98. 17 The estimated sample size for the cluster sample was the estimated sample size for a simple sample multiplied by the effect of cluster sample design. Based on the above assumptions, the required sample size was estimated to be about 1300. The health survey was conducted using a two-prone approach. All high schools in Nanning city are government schools under the auspices of the Education Department of the Provincial Government. The health care of all high school students is provided by the in-house health care centre at each school, mainly by a resident medical doctor. Hence, important information on the health status of these students could be obtained directly from the resident medical doctor of each school. In this study, all medical doctors of the selected schools were recruited, with the involvement of the Education Department, to provide assessment on students' health. These assessments included anthropometric measures such as body weight and height, as well as ADHD tendency. ADHD tendency was defined as the behavioural pattern exhibited by an individual who manifested symptoms stipulated in the DSM-IV ADHD diagnosis, and would possibly warrant a clinical diagnosis of ADHD. The presence of such a behavioural pattern would indicate a potential risk of ADHD. Assessments were conducted by medical doctors during a physical check-up on each selected Obesity and attention deficit and hyperactivity disorder among young people LT Lam and L Yang student. These medical doctors had received training in carrying out a structured interview according to a standardized protocol for the ADHD tendency assessment. An interview instrument, consisting of a series of 12 questions, was designed according to the clinical diagnostic criteria for ADHD stipulated in the DSM-IV. 12 Questions were based on the standardized and validated ADHD-related questionnaires such as the Conners-Well's Adolescent Self-Report Scale and another questionnaire by Barbaresi et al. 18, 19 Students were asked to indicate how often he/she exhibited certain behaviours in the past 6 months on a Likert scale ranging from Never (scored 0) to Always (scored 3) with possible scores ranging from 0 to 36. An example question is: 'I cannot hold my attention for a few minutes while I am doing my homework or other work'. Regarding anthropometric measures, the body mass index (BMI) of each student was calculated. The BMI was then compared with the standard age-and-sex-specific BMI, which was produced by US. Centre for Disease Control and Prevention (CDC). 20 The status of overweight and obesity among children was determined using the CDC BMI cutoffs for overweight and obesity corresponding to 25 kg/m 2 for overweight and 30 kg/m 2 for obesity. It was suggested that the CDC references were more sensitive as compared to other system such as the International Obesity Task Force (IOTF). 21 Other information including demographics, and duration of physical activity involvement per week was collected. Sleeping problems such as snoring, identified as the potential confounding factor, was measured in the questionnaire. 22 As the study was considered as an official activity of the Education Department of the Provincial Government, all selected students participated in the study and were interviewed with 100% cooperation. Data were analysed using the Stata statistical software program. 23 As the study was of a cluster sampling design, data were set up with the survey design function utilizing the svy commands for handling the cluster sampling effect. For the outcome variable, namely the anthropometric measures, it was commonly defined as normal weight, overweight, and obese, and for the ease of scientific communication, it was treated as a categorical variable with three categories. However, BMI percentiles were also calculated and reported. As for ADHD tendency, the individual raw score was also used and thus it was treated as a continuous variable. Bivariate analyses were conducted to examine unadjusted relationships between all variables of interest and the outcome variable. The w 2 test was applied to examine the association between categorical variables. For continuous exposure variables, the analysis of variance (ANOVA) was employed to examine the equality of the means across different subgroups. All statistical tests of hypothesis were adjusted for the cluster sampling design. As the outcome variable was classified with three categories, multinomial logistic regression modellings were applied to further examine the relationship between ADHD tendency raw scores and the status of overweight and obese, after adjusting for potential confounding factors identified in the bivariate analyses. The normal body weight group was used as the reference group in the multinomial logistic regression analyses. For the inclusion of any variable in the initial logistic regression model, the criteria of a bivariate association with Pp0.20 was used.
Results
A cluster random sample was obtained from nine different schools and 24 different classes, resulting in a total of 1429 students. The characteristics of these students were summarized in Table 1 . The sample consisted mainly of adolescents aged between 14 and 15 years old (n ¼ 877, 62.3%), 30.2% (n ¼ 418) being younger than 14 years, and only 7.4% older than 15 years. There were slightly more females (52.5%) than males. In terms of socioeconomic indictors, there was a nearly even distribution of the fathers' education levels among these adolescents, with slightly more mothers who had received a level of education at junior high school level or lower (39.8%). About 12% (n ¼ 162, 11.8%) of these adolescents came from better off families with a high total family income, 29.2% with an average income, and more than half (n ¼ 795, 59.0%) came from poorer families with a low income. The majority (n ¼ 1302, 91.6%) of these adolescents lived in an intact family environment with both parents, whereas the rest lived with only one parent due to death or divorce. Most of these adolescents are the single child of the family (n ¼ 898, 62.8%), with 23.3% having one sibling and 13.9% having two or more siblings. In terms of the outcome variable of the study, namely overweight/obesity, nearly 10% (n ¼ 127, 9.4%) of the sample were classified as either overweight (BMIX25) or obese (BMIX30), with 6.3% (n ¼ 85) in the former category and 3.1% (n ¼ 42) in the latter category. The BMI percentiles were also calculated and reported in The bivariate relationships between the exposure variable, ADHD tendency, demographics, other variables, and overweight/obesity were examined. The results were summarized in Table 2 . As shown, the unadjusted association between ADHD tendency and overweight/obese among these adolescents was marginally insignificant (F (2, 20) Obesity and attention deficit and hyperactivity disorder among young people LT Lam and L Yang then selected to be entered into the logistic regression modelling. However, due to the high correlation between parental education levels, only the paternal education level was included in further analyses. Family income was also included due to the Po0.20. As lack of physical activity was established as an significant risk factor for obesity and overweight, it was also included in further analyses although the significant association between these two was not demonstrated with this dataset. The results obtained from the multinomial logistic regression modelling were presented in Table 3 . As shown, after adjusting for the potential confounding factors, there was a significant association between ADHD tendency and obesity among these adolescent (t ¼ 2.18, P ¼ 0.040). This results suggested for every increase of one unit in the ADHD score there was an increase of odds of obesity by 7% (OR ¼ 1.07, 95%CI ¼ 1.01-1.14), as compared to those who had a normal body weight. However, there was no significant association between ADHD tendency and overweight. It was also noted that male and being a single child were significantly associated with both obesity and overweight. Snoring was significantly related to the overweight but not obese. None of the interaction terms were significant.
Discussion
This study attempts to study the relationship between ADHD tendency and overweight/obesity among adolescents in China. To the knowledge of the authors, this is the first attempt of an investigation into the relationship between ADHD tendency and overweight/obesity using a populationbased health survey. It is also the first study ever conducted which examines the issue of ADHD and obesity among adolescents in China. The results obtained suggest that adolescents who exhibit a higher tendency of ADHD are more likely to be overweight or obese. After adjusting for potential confounding factors, there is an increased risk for overweight or obesity of 1.4 times for those who scored high on the ADHD tendency as compared to those who scored low. Owing to the lack of similar studies in the literature, comparisons of results are difficult. However, these results are consistent with that obtained from previous studies among adults and children. [13] [14] [15] All these studies suggest a positive association between ADHD and overweight/obesity. The results obtained on the association between sex and snoring and obesity/overweight are also consistent with the literature. Ample studies have found that being a male and snoring are significant risk factors of overweight and obesity. 22, 24 For the relationship between overweight/obesity and being a single child, little similar studies are available in the literature. 25 Being a single child of the family, particularly in the context of the Chinese families, provides the child with special privileges in terms of living environment, materials procession, and especially eating. Hence for the Obesity and attention deficit and hyperactivity disorder among young people LT Lam and L Yang single child in the family, parents and grand parents would probably play far too much attention to the child's eating as a result the child becomes over fed. This might explain why being a single child has an increased risk of overweight and obese as compared to other adolescents with siblings.
Many possible reasons could be suggested for the association between ADHD and obesity. The most intuitive one is a potential genetic linkage between ADHD and obesity. Among the few studies on this particular topic, one recently reported a possible genetic linkage. In comparing childhood ADHD symptoms and the maximal lifetime BMI of women who over eat between the presence and absence groups on the 7-repeat allele (7R) of the dopamine 4 receptor gene, Levitan et al. found that 7R carriers scored significantly higher on the childhood inattention symptoms, as well as on the maximal lifetime BMI than the non-carriers. 26 This suggests that the 7R allele of the dopamine 4 receptor gene may play an important role in the earlier development of attentional deficits in childhood as well as the later development of obesity among carriers. 26 However, this study only limited to patients with seasonal defective disorder only, thus the results might not be applicable to the general population. On the other hand Fleming et al.
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suggested that there may be an interaction effect between ADHD with a genetic vulnerability to obesity in some, however, there may not necessarily share a common genetic basis. This has provided a lead for a worthy pursuit in further investigation. Obesity and attention deficit and hyperactivity disorder among young people LT Lam and L Yang
Another possible explanation is related to the characteristics and symptoms of ADHD. Impulsivity and delay satisfaction as behavioural manifestations of ADHD may also play an important role in the relationship between ADHD and overweight and obesity as suggested by AgranatMeged et al. 15 Owing to these behavioural problems that are strongly associated with ADHD, children who suffer from ADHD may have higher tendency to use food as means for gratification. Hence, over eating may be a resultant problem for these children and inturn overweight and obesity as an outcome. This, in fact, highlights the issue of the potential role of food and eating disorder in childhood ADHD.
As in all studies, there are strengths and weaknesses in this study. This study utilized a two-stage random cluster sampling design. This study design takes into consideration the potential effect of the cluster samples, where there might be correlations in the important variables under study among the members within each cluster. In view of the current study, due to the multiple casual factors of overweight/obesity, it is unlikely that there is a higher correlation in the outcome variable. Hence, a low intraclass correlation was assumed in the sample size calculation. Random sampling used in this study has provided greater confidence that the sample is representative of the population under study. The use of a standard protocol and training for all medical doctors involved in the study in collating anthropometric measures, as well as assessing ADHD tendency, have further minimized biases in data collection. Some potential limitations have been identified in this study. First, although the DSM-IV symptom criteria are the standard for diagnosing ADHD, it should not be considered as the only source of information for a classification of ADHD. 12 It has been reported in the most recent study on the case definition of ADHD for epidemiological studies, that some cases could have been missed if the DSM-IV criteria were solely applied in comparison to an explicit set of research criteria consisting of information obtained from various sources including key informants, an ADHD questionnaire, and also a clinical diagnosis. 28 The implication is that misclassification of ADHD tendency may occur, and the prevalence may have been underestimated. Should such an under estimation occur in this study, it could impact on the estimated effect of ADHD tendency on the risk of injury. In that case, both an over estimation or an under estimation of risk may result. One short coming of the research criteria is that it is difficult to be used as a screening instrument, which requires simple application to a large number of potential cases. 15 Second, other information was collected via a self-report questionnaire, and is subjected to recall or report bias. This may be more severe with variables, such as snoring, where the information source comes from a third party instead of the direct experience of participants.
The results obtained from this study have a direct clinical implication, particularly to the prevention, management and treatment of overweight and obesity. As overweight and obesity becomes a global epidemic, various prevention, management and treatment programs have been derived and implemented by clinicians and health professionals. 22 Clinical guidelines on treatment for mild to moderate obesity have also been developed for primary health care professionals. 29 However, the effectiveness and success of these programs, by and large, rely upon the compliance of the individual. It has been demonstrated in Altfas's study that an inability to attend to the requirements of treatment programs due to the problem of ADHD would render the program less effective. 13 In view of the results obtained it would be prudent to include the assessment of any ADHD problem in evaluating potential overweight or obese patients for prevention or treatment programs. Obesity and attention deficit and hyperactivity disorder among young people LT Lam and L Yang
